Ordering Interfluves: A Simple Proposal for Understanding Critical Zone Evolution  by Brecheisen, Zachary S. & Richter, Daniel deB.
 Procedia Earth and Planetary Science  10 ( 2014 )  77 – 81 
Available online at www.sciencedirect.com
1878-5220 © 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Scientific Committee of GES-10
doi: 10.1016/j.proeps.2014.08.015 
ScienceDirect
Geochemistry of the Earth’s Surface meeting, GES-10 
Ordering interfluves: a simple proposal for understanding critical 
zone evolution 
Zachary S. Brecheisena, Daniel deB. Richtera 
aNicholas School of the Environment, Duke University, Durham, NC 27708, USA 
Abstract 
The Earth’s critical zone (CZ) is the integrated life-supportive system between the atmosphere and the deepest bio-geoweathering 
front of geologic materials1. When human beings are added to the natural workings of the critical zone, great uncertainty is 
introduced in understanding the consequences1,2. As we begin our research at our Calhoun Critical Zone Observatory (CCZO) in 
the Southern Piedmont region of SC, we propose an ordering system for upland interfluves that is to an extent a reciprocal of the 
widely used Hortonian system that hydrophysically orders stream and river systems. At the Calhoun CZO, interfluve order and 
corresponding erosion and intra-critical zone regimes inform us about the evolution and functioning of hydrologic, 
geomorphologic, biogeochemical, and biotic systems; CZ response to historic land use change; and the contemporary functioning 
and management of the CZ. With LiDAR and DEM mapping enabling new quantitative research of landscape and critical zone 
structure and function, we propose that many physiographic regions will benefit from a system that orders interfluves.  
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1. Introduction 
While stream-orders and their quantification has a prolific literature3-6, there is notably little consideration paid to 
an ordering of interfluves5.  While interfluve ordering might be quantified as a reciprocal of fractal models of stream 
formation7-10, interfluves define the not only watershed boundaries but are the residual terrain systems between 
fluvial drainages.  Whereas steam ordering is about removal and drainage, interfluve ordering contains information 
about solid-phase landscape structure, process, and management. In Horton’s classic work about steam orders11, 
consideration was indirectly given to the formation of branched interfluves with regard to the relative elevation of 
interfluves from one branch to the next, but the focus concerned watershed and channel formation as they are carved 
through the overall solid-phase landscape. Here, we propose a reconceptualization of interfluves analogous to 
Hortonian stream ordering but with focus on the structure and process of residual terrestrial landforms. 
© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Figure 1. Ordered interfluve roadways, DEM LiDAR, and forest type map of the CCZO 
2. A proposal 
We propose an interfluve ordering system as an approach for landscape-scale research in regions with complex 
topography. This ordering system is envisioned as a kind of reciprocal to the Hortonian11 ordering of streams as 
modified by Strahler3 with the broadest and highest elevation interfluves being a 0th order and increasing in rank 
through interfluve dissection and narrowing (see Figure 1). Unlike waterways which transport materials from all 
catchments upstream, interfluves represent the remainders or residuals of this hydro-geomorphic erosion. A system 
of interfluve ordering and delineation can be relatively straightforward and lack the additive nature of higher order 
streams. The transport and translocation of water, solutes, suspended solids, and erosion may be more fully 
conceived with interfluve ordering which directly attends to the structure and functions of interfluves as residual 
diachronous systems. Interfluve ordering like stream ordering may be useful when hindcasting and forecasting 
critical zone evolution across geologic and historic time scales.  
3. CZ evolution and interfluves: memory of landscapes and land use history  
Estimates of geologic and accelerated historic erosion12,13 indicate that interfluves on the pre-European Piedmont 
were incredibly stable with erosion rates between 3.5 × 10−5 and 3.0 × 10−4 cm yr–1.  These interfluves of the CZO 
are on the order of 30-m in total depth above consolidate, unweathered granitic gneiss bedrock, and are extremely 
weathered with estimated multi-million year residence times12.  Nearly 100% of the native Ca and Na in 
unweathered bedrock has been lost to >10m of soil and saprolite.  Richter and Markewitz14 characterized these soils 
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and saprolites as representative of advanced weathering systems.  These interfluves, to use a phrase from Russian 
pedologists15, represent a long geologic memory of Critical Zone evolution.  
 
As forests were converted to farmland by Europeans and Africans, the Southern Piedmont CZ was subjected to 
accelerated rates of erosion. Trimble for example has estimated that nearly 18cm of soil were lost to gross erosion 
across the region over the course of ~200 years of agriculture. The CCZO is nested in an area that experienced some 
of the nation’s worst agricultural soil erosion and gullying from the 1700’s into the 1900’s3. Soil hydrology and 
nutrient cycling were fundamentally altered by the complete or partial erosion of surface and subsoils13-15. Level 
ground on the tops of interfluves were settled and farmed with native oak-hickory forests cleared for non-
mechanized agriculture (primarily tobacco and cotton) persisting into the early 1900’s13,14. During the time of 
greatest erosive land use from 1860-1920, there was massive soil erosion from the loss of topsoil and extensive 
gullying. Increased runoff from agricultural fields and grazed-and-timbered woodlots resulted from greatly 
diminished evapotranspiration (ET), relative to native forest.   Channels became deeply incised and gullies expanded 
up drainages that previously conducted runoff from interfluves. As erosion proceeded and soil fertility declined, 
farms were abandoned as the region sank into economic and environmental degradation3,4. The secondary pine 
forests that regrew in abandoned old fields and open pastures physically stabilized the post-1950s Piedmont 
landscape and reduced erosion rates5. This biogeomorphic stabilization is due to physical anchoring of the soils by 
tree roots, slowing the gravitational movement of rain water with the establishment of a protective pine needle O-
horizon, the reestablishment of soil macropore networks from burrowing organisms and rooting that increase 
hydraulic conductivity and infiltration, and finally through the increase of the ET pump due to trees14,16. 
 
While studying DEM maps and maps of forest type, a striking pattern emerged with regard to the road network 
across the CCZO, both historic and contemporary. Roads have generally been constructed to stay on uplands and 
avoid river bottoms and wetlands. Roadways in fact offer a first approximation for interfluve ordering (see Figure 1) 
with 0th order interfluve roads in red, 1st order roads in yellow, 3rd order roads in green, and 4th order roads in blue. 
As the roads follow the highest elevation and relatively flat and stable landforms, nearly all roads have historically 
been constructed on interfluves and the forking and branching pattern is reminiscent of a stream network, though the 
material flows, residence times, and relation to elevation are in contrast. In Figure 1, the LiDAR DEM: White 
signifies high elevation, black lower. Forest type mapping: Red signifies secondary pine forests (P. taeda & P. 
echinata), green signifies upland hardwood forests (Querces sp., Carya sp., L. tulipifera, A. rubrum, L. styraciflua), 
and blue signifies lowland moist hardwood forests (Querces sp., P. deltoides, P. occidentalis, B. nigra). Areas with 
forest-type mapping are US Forest Service (USFS) managed land while black & white areas are in private holdings.  
 
Figure 2. Landform variation and soil erosion potential 
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Interfluve ordering, like stream ordering, will be useful when hindcasting and forecasting critical zone evolution 
across geologic and historic time scales as interfluve orders inform us of the types of soil erosion that an area is 
likely to have experienced or be vulnerable to (see Figure 2 from Broz et al.17). For example lower order interfluves 
are likely most susceptible to sheet and rill erosion, while higher orders may experience more tunnel and gully 
erosion, with the highest order interfluves losing ground to stream channel erosion and bank-cutting. The CCZO in 
the Southern Piedmont is in an area where historic deforestation and non-mechanized agriculture greatly degraded 
the system’s hydrology and biogeomorphic stability while contemporary secondary succession/reforestation have 
begun to regenerate these processes. In considering these issues in terms of contributing land area for runoff, 
sediment loading, and gullying while reviewing 1m resolution LiDAR topographic maps overlain with the USFS 
forest-type maps, it was apparent that many of the questions we were formulating would benefit from a conceptual 
interfluve ordering system. 
 
4. Interfluve ordering applications 
As our CCZO team moves ahead with investigations into the dynamic CZ processes unfolding across the 
Southern Piedmont, a simple interfluve ordering system can hypothetically inform plant ecology and succession, soil 
erosion and formation, ecohydrology, pedology and anthro-pedology, geomorphology and bio-geomorphology, and 
geochemistry and bio-geochemistry. This is particularly true as we select and prepare chronosequence sites at the 
Calhoun CZO for sampling and instrumentation to obtain information about biogeochemical changes over multi-
decadal to multi-millennial time scales, i.e., the evolution of CZs. In the Calhoun chronosequence studies, old-field 
forest hillslopes and interfluves are matched with adjacent old hardwood hill slopes and interfluves to evaluate CZ 
transformation over multicenturial time scales (both degradation and regeneration). In the Calhoun CZ studies, we 
also observe temporal biogeochemical changes in directly measured old cotton fields that are reforested over five 
and six decades. The broader context of the surrounding area in terms of natural history and land use history must be 
accounted to make accurate cross-comparisons. Here we posit that interfluve orders reflect land use legacies and 
thereby soil loss and impacts on soil ecology, biogeochemistry, and soil ecohydrology. Forthcoming studies of soil 
organic matter, biogeochemistry, soil hydrology, and macro-invertebrate communities across varying landforms 
with different land use histories will consider the possibility of terrestrial interfluve corollaries to concepts such as 
the river continuum18, the brown ground19, and riverine productivity models20 as they track soil ecology and nutrient 
availability dynamics related to erosion, land use history, and succession amongst ordered interfluves.  
 
At the Calhoun CZO, interfluve ordering can improve biogeochemical and hydrologic models of CZ structure, 
evolution, and function. While formalities of interfluve orders are yet to be settled, the potential for interfluve orders 
spring from CZ structure, function, and sustainability, i.e., on the dynamics of solid-phase Earth across geologic and 
historical time. 
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